Background Legg-Calvé-Perthes disease (LCPD) was described a century ago. In previous long-term reports of patients with LCPD, nonoperative treatment varied considerably. The likelihood of hip osteoarthritis (OA) developing in patients with LCPD and possible need for THA are not well defined. Questions/purposes The purpose of the study was to determine whether nonoperatively treated patients with LCPD (1) had an increased prevalence of THA compared with gender-and age-matched control subjects, (2) if patients with Stulberg Classes III/IV/V femoral heads had an increased risk of THA compared with those with Classes I/II femoral heads. Given the limitation in the study, we (3) evaluated whether patients with LCPD were One of the authors (LF) has received funding from the Research Board of Kolding Hospitals, Denmark. The funding did not play a role in the investigation. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research. This work was performed at
at risk for having radiographic hip OA more commonly than control subjects and (4) whether hips with Classes III/ IV/V femoral heads had an increased prevalence of OA compared with hips with Classes I/II femoral heads.
Patients and Methods
The study population consisted of 167 patients with LCPD treated with a Thomas splint. The control population consisted of gender-and agematched control subjects who were participants in the Copenhagen City Heart Study: the Osteoarthritis Substudy. Radiographs at skeletal maturity were classified according to the classification system of Stulberg et al. Data from the Danish Hip Arthroplasty Register and the Registries of the National Board of Health were collected to obtain the number of patients with LCPD having THA. At a mean followup of 47 years later (range, 37-58 years), weightbearing pelvic radiographs were obtained. Radiographic OA was defined as a joint space width of 2.0 mm or less. Results Thirteen percent of patients with LCPD had THAs compared with none in the control group. Seven percent of the patients with LCPD had OA compared with 1% in the control group. The prevalence of THA and OA was increased in hips with Classes III/IV/V femoral heads compared with hips with Classes I/II femoral heads. Conclusions Patients with LCPD have an increased risk of having THA compared with a gender-and age-matched control group. Our data suggest that patients with LCPD have a greater risk of having radiographic OA develop than a gender-and age-matched control group. It seems that patients with Classes III/IV/V femoral heads have an increased risk of THA and OA compared with patients with Classes I/II femoral heads. Level of Evidence Level III, prognostic study. See Guidelines for Authors for a complete description of levels of evidence.
Introduction
Numerous studies [2, 5, 6, 10, 12, 14-16, 18, 20, 21] have focused on the need for THA and long-term risk for having hip OA develop in nonoperatively treated patients with LCPD. Earlier studies are retrospective without any control group. In addition, the treatments have been combinations of several treatments such as: bed rest [6, 12, 14-16, 18, 20] , traction [5, 12, 15] , abduction splints [15, 18] , plaster [15] , spica casting with [2, 5, 6, 10, 16, 18] and without [2, 5, 6] weightbearing, Thomas splint [20, 21] , shoe elevation on the normal side [16, 20] , crutches [10, 16, 20] , wheelchair [10] , or no treatment [2, 21] . In contrast, we evaluated one treatment method, namely, use of a Thomas splint.
One major problem for the patients with LCPD in the long-term is development of hip pain and OA that might result in the need for a THA. Earlier studies have shown an overall prevalence of OA between 5% and 100% [2, 5, 6, 10, 12, 14, 16, 20, 21] , and a prevalence of THA ranging from 0% to 24% [2, 5, 6, 10, 12, 14-16, 18, 20, 21] ( Table 1) .
Because of the wide variation reported in the literature, we determined whether nonoperatively treated patients with LCPD: (1) had an increased prevalence of THA compared with gender-and age-matched control subjects, and (2) if patients with Stulberg Classes III/IV/V femoral heads had an increased risk of THA compared with patients with Classes I/II femoral heads. Given the limitations of the study, we (3) evaluated whether patients with LCPD were at risk for having radiographic hip OA develop more commonly than control subjects, and (4) whether hips with Classes III/IV/V femoral heads had an increased prevalence of OA compared with hips with Classes I/II femoral heads.
Patients and Methods
This retrospective case-control study consists of a cohort of 167 patients (191 hips) with LCPD referred to The Community of Disabled in Kolding, Denmark from 1941 to 1962. One hundred forty-three patients had unilateral and 24 patients had bilateral involvement. All patients were treated by a Thomas splint regardless of gender, age at onset of the disease, and severity of disease. The Thomas splint is regarded as a noncontainment treatment and reportedly reduces load on the hip [11] . The splint was used from the time of diagnosis until the reconstitution stage of the disease appeared on the radiographs, a mean of 25 ± 9 months (range, 9-38 months). The splint was worn all day except when swimming and bathing. None of the patients had surgery during their childhood or were referred to other hospitals. The patient's gender, age at onset, and duration of treatment with a Thomas splint were obtained from the medical records. Onset of disease was defined as the onset of limping or complaints of pain in the hip, thigh, or knee. At skeletal maturity, supine AP and frog-leg lateral radiographs of the pelvis were taken. We defined skeletal maturity as the point when closure of the triradiate cartilage and the femoral head physis had occurred. One of the authors not involved in the treatment of the patients (LF) classified the radiographs according to the classification system of Stulberg et al. as reported by Herring et al.: Classes I and II hips have a spherical femoral head, a Class III hip has an ovoid head, and Classes IV and V hips have a flattened femoral head [3] . The advantages of the classification included the simplicity of application and reliability with interobserver and intraobserver agreement reflected by weighted kappa values of 0.79 and 0.88, respectively [3] . We combined Classes I and II as hips in these classes were considered not to be disposed to having OA develop and Classes III, IV, and V as these hips were considered to have an increased risk of having OA develop in adulthood, as reported in two studies [4, 16] .
Except for patients who were deceased, who had emigrated, or were lost to followup owing to lack of a civil registration number, all patients were invited to a followup in 2005-2006, and 111 accepted. For the 111 patients with LCPD, weightbearing standardized AP pelvic radiographs were obtained with a tube to film distance of 100 cm. Joint space width (JSW) was measured on AP pelvis radiographs ( Fig. 1 ) by using a 0.1-mm graded magnifying glass (Haff, Pfronten, Germany). Hip OA was defined as a JSW of 2.0 mm or less regardless of the presence of osteophytes, subchondral sclerosis, or subchondral cysts [8] . One observer (LF) performed all measurements.
We examined the data for 156 of the 191 hips to determine the risk for having a THA. Thirty-two patients (35 hips) were excluded: five (six hips) owing to emigration, 23 (24 hips) were lost to followup, and four (five hips) had surgery in the pelvis or leg, not related to LCPD, before followup ( Fig. 2 ). We were able to include deceased patients and patients who did not want to participate at followup in this part of the study, because data from the national Danish Hip Arthroplasty Register and the Registries of the National Board of Health were collected. Patients participating were asked whether they had a THA. In this part of the study, unilateral disease was present in 114 hips (73%) and bilateral disease in 42 hips (27%). There were 109 male patients (125 hips, 80%) and 26 female patients (31 hips, 20%) included in the study. Age at onset of disease was 6 ± 2 years and the Thomas splint was used for 25 ± 9 months. Of the 156 hips included, 57 (37%) were classified as having Classes I/II femoral heads, 26 (17%) had Classes III/IV/V femoral heads, Fig. 1 Measurement of minimal JSW was performed perpendicular to the femoral head surface by determining the femoral head center using a best-fit circle and drawing lines from the center to the acetabular weightbearing surface. The JSW from the femoral head surface to the acetabulum was measured at three sites chosen where the smallest distance visual was present and not on predefined locations, as the caput and acetabulum in some patients were incongruent. The JSW used for statistical analysis was the smallest of the measurements. and 73 (46%) were not classified owing to destroyed or missing radiographs. The classified hips did not differ regarding the patients' gender, age at onset, and duration of the Thomas splint compared with hips that were not classified (Table 2) .
To assess the prevalence of radiographic hip OA, 52 (54 hips) of the 167 patients (191 hips) were included. One hundred fifteen patients (137 hips) were excluded owing to emigration (five patients, six hips), lost to followup (23 patients, 24 hips), deceased (nine patients, 10 hips), refused to participate (19 patients, 21 hips), surgery in the pelvis or lower limb before followup (19 patients, 26 hips), or missing or destroyed radiographs (40 patients, 50 hips) ( Fig. 3 ). For this part of the study unilateral disease was present in 50 hips (93%) and bilateral disease in four (7%). There were 44 male patients (46 hips, 85%) and eight female patients (eight hips, 15%). Age at onset was 6 ± 2 years. The Thomas splint was used for 25 ± 7 months. Of 54 hips, 42 (78%) had Classes I/II femoral heads (Table 3) . We observed no differences between hips with Classes I/II femoral heads and those with Classes III/IV/V femoral heads regarding gender, age at onset, and duration of time the Thomas splint was used ( Table 3 ). Age at followup was 52 ± 4 years for males and 54 ± 5 years for females. Time from onset of disease until followup was 47 ± 5 years.
The prevalence of THA and radiographic OA was evaluated in a gender-and age-matched control group who were participants of The Copenhagen City Heart Study; Osteoarthritis Substudy [7] . The ratio of patients with LCPD to control subjects was 1:2. Radiographs for the control group were obtained with the patients standing and standardized with a tube to film distance of 120 cm. The difference between tube to film distances in the study and control groups was taken into consideration when measuring JSW.
Normality tests, by probit plots, showed all data were normally distributed. Thus, data are presented as means ± standard deviation. The relationships between hip OA and THA in patients with LCPD and a gender-and age-matched control group were evaluated by exact logistic regression analysis. Odds ratio (OR) exact test was performed to assess interrelationship between class and THA and radiographic hip OA. The T-test was used to evaluate differences between demographic data. All 
Results
The risk of THA was increased from none of 312 hips (0%) in the gender-and age-matched control group compared with 20 of 156 hips (13%) in the patients with LCPD (p \ 0.001; OR = 49.0; CI = 8.2 -infinity) ( Table 4 ). None of the patients who emigrated had a THA performed in Denmark. Whether they had a THA performed outside Denmark is unknown. The risk of THA was increased from five of 57 hips (9%) with Classes I/II femoral heads to seven of 26 hips (27%) with Classes III/IV/V femoral heads (p = 0.04; OR = 3.8; CI = 1.1-12.9) ( Table 4 ).
The risk of radiographic OA was increased from one of 108 hips (1%) in the gender-and age-matched control group to four of 54 hips (7%) in the patients with LCPD (p = 0.04; OR = 8.5; confidence interval [CI] = 1.8-428.8) ( Table 5 ).
The risk of radiographic OA was increased from one of 42 hips (2%) with Classes I/II femoral heads compared with three of 12 hips with Classes III/ IV/V femoral heads (p = 0.03; OR = 13.7; CI = 1.9-97.1) ( Table 5 ).
Discussion
The long-term problems for patients with LCPD are the risk for having hip pain and OA develop and the subsequent need for a THA. In previous reports [2, 5, 6, 10, 12, 14-16, 18, 20, 21] , treatment of the patients and definition of OA varied considerably (Table 1) , and the prevalence of THA and OA in a gender-and age-matched population have not been taken into account. The current case-control study determined whether nonoperatively treated patients with LCPD (1) had an increased prevalence of THA compared with gender-and age-matched control subjects, and (2) if patients with Stulberg Classes III/IV/V femoral heads had an increased risk of THA compared with patients with Classes I/II femoral heads. Given the limitations of the study, we evaluated (3) whether patients with LCPD have radiographic hip OA develop more commonly than control subjects, and (4) whether hips with Classes III/IV/V femoral heads had an increased prevalence of OA compared with hips with Classes I/II femoral heads.
There are limitations to our study. First, the study is based on AP radiographic findings, and the clinical status of the patients was not evaluated. We used only AP radiographic findings as a lateral view was not obtained for the control subjects. Second, our study comprises a small number of patients. Owing to different inclusion criteria, 156 of 191 hips (82%) were included in the THA study ( Fig. 2) and 54 of 191 hips (28%) were included in the OA study ( Fig. 3) . Third, owing to inadequate or destroyed radiographs, it was possible to classify only 83 of the 156 (53%) hips in the THA study. Third, OA was defined as JSW narrowing regardless of the presence of osteophytes, sclerosis, and cysts. One study showed a substantial association between a reduced JSW and self-reported hip pain [9] . We used a reduced JSW of 2.0 mm or less as a specific definition of radiographic OA as it has been associated with self-reported hip pain and has an acceptable intrarater reliability (intraclass correlation coefficients, 0.87-0.91) [9] . This is in contrast to Dieppe et al. [1] , who found no correlation between pain, stiffness and physical function, and radiographic severity evaluated by the Kellgren and Lawrence radiographic score. This might be explained by differences in clinical and radiographic evaluations of the patients. Sun et al. [17] found that interrater reliability of JSW narrowing showed a high reliability compared with other radiographic features of OA (Kappa, 0.70-0.79). In contrast, the interrater reliability of the Kellgren and Lawrence score has a lower kappa value (0.50). Fourth, although we expended much effort trying to find the patients and obtain radiographs, some patients had emigrated, some were deceased, and others did not want to participate or were lost to followup owing to lack of a civil registration number; other patients were located but did not OA was present when the joint space width was 2.0 mm or less regardless of other features of OA; OA = osteoarthritis; LCPD = Legg-Calvé-Perthes disease.
keep followup appointments. The current study is comprised of patients with a followup of nearly 50 years. We were able to trace 144 patients (167 of 191 hips, 87%) registered in our archives who were diagnosed with LCPD from 1941 to 1962, and in contrast to other studies [2, 5, 6, 10, 12, 14-16, 18, 20, 21] , all children had the same weight-relieving noncontainment treatment in their childhood regardless of gender, age at onset, degree of femoral head involvement, and unilateral or bilateral involvement. We were able to include 156 of 191 (82%) hips in the THA study, as the patients could be found in the Danish Hip Arthroplasty Register and The Register of the National Board of Health. In the OA study, 54 of 191 hips (28%) were included; therefore, the risk of misinterpretation of the results in this part of the study should be taken into account. We do not believe any patients were missed at followup in this part of the study owing to insufficient or incorrect registration. The Danish Hip Arthroplasty Register has existed since 1995 and has a 94.1% complete rate for registration for primary THA [13] . In The Register of the National Board of Health, every operation performed in Denmark has been recorded under a unique personal civil registration number since 1977 [19] . The civil registration number is used in every contact with the public system in Denmark and follows each individual his/her entire life and after death. Fifth, it was possible to classify only 83 of the 156 (53%) hips in the THA study. However, we have no reason to believe that hips with and without a classification were biased as no difference was found regarding gender, age at onset, and duration of use of the Thomas splint. For assessment of radiographic OA, 137 of 191 hips (72%) were excluded. However, except for patients excluded owing to surgery before followup (19 patients, 26 hips), we have no reason to believe that the excluded and included patients differed. Of the surgically treated hips, 20 had LCPD-related THA. Finally, no preoperative radiographs were available for 17 hips, and in three hips with preoperative radiographs, the JSW observed on AP radiographs of the pelvis was greater than 2.0 mm, and according to our definition, without OA. In the OA study, 42 of 54 hips (78%) were classified as having Classes I/II femoral heads, which is a high percentage compared with the study of Herring et al. [4] . This difference might be attributable to patients in our study who were excluded owing to THA; these patients were more likely to have Classes III/IV/V femoral heads, as shown in the Results section.
The prevalence of THA was 13% in patients in the current study compared with 0% to 24% reported in previous studies [2, 5, 12, 14, 20] . The studies have mean followups ranging from 28 to 50 years, which might explain the difference (Table 1 ). For 83 of 156 hips (53%) with a Stulberg et al. [16] classification, the risk of having THA was increased threefold for hips with Classes III/IV/V femoral heads compared with hips with Classes I/II femoral heads, which is in accordance with the increased risk of radiographic OA resulting from the disease [6, 16] .
The overall prevalence of OA for patients in the current study was 7%. This is lower compared with some other studies [2, 5, 6, 12, 15, 16, 20, 21] , and might be attributable to the difference in the definition of OA (Table 1) . Perpich et al. [14] defined OA as JSW narrowing less than 2.0 mm compared with the other hip. The prevalence of OA in their patients was 8% which is in concordance with our results.
Given the limitations, our data suggest that patients with Classes III/IV/V femoral heads were more likely to have radiographic OA develop than patients with Classes I/II femoral heads. The prevalence of OA in patients in the current study was 2% for those with Classes I/II femoral heads and 25% for those with Classes III/IV/V femoral heads. In contrast, Stulberg et al. [16] reported that 3% of patients with Classes I/II femoral heads and 63% of patients with Classes III/IV/V femoral heads had radiographic signs of OA develop 40 years after onset of disease (Table 1 ). In the study by Ippolito et al. [6] , the prevalence of OA after 25 years was 0% for patients with Classes I/II femoral heads and 47% for those with Classes III/IV/V femoral heads (Table 1 ). In both studies, OA was defined as either narrowing of the JSW, presence of osteophytes, subchondral sclerosis, or subchondral cysts, which might explain the differences between those studies [6, 16] and our study. Patients with LCPD have an increased risk of having THA compared with a gender-and age-matched control group. Our data suggest that patients with LCPD have a greater risk of having radiographic OA develop than a gender-and age-matched control group. It seems that patients with Classes III/IV/V femoral heads have an increased risk of THA and OA compared with patients with Classes I/II femoral heads.
